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The structure and ecology of extrafloral nectaries in Albizzia lebbeck Benth. were studied. Two flat non-
porate nectaries are present on the adaxial surface of each rachis. The sub-secretory zone is parenchym-
atous and contains starch. Crystals of calcium oxalate of reversible nature and sclereids were observed in 
the nectaries. Upliftment of the cuticle occurs prior to the onset of secretion and nectar is released when the 
cuticle is ruptured. Xylem and phloem traces usually terminate at the base of the sub-secretory zone. How-
ever, phloem appears closer to the basal cell of the sub-secretory zone. Phenolic substances accumulate in 
the sub-secretory zone only during the post-secretory stage of the nectary. Secretory and sub-secretory 
zones are cut off from the nectary base due to the formation and activity of a phellogen-like tissue. Ants visit 
Albizzia and may playa role in plant defence. 
Die struktuur en ekologie van eksterne nektarkliere in Albizzia lebbeck Benth. is ondersoek. Twee plat nektar-
kliere sonder poriee is teenwoordig op die adaksiale oppervlak van elke ragis. Die sub-sekretoriese streek is 
parenchiematies en bevat stysel. Omkeerbare kalsiumoksalaatkristalle en skleriede is in die nektarkliere 
opgemerk. Die kutikula lig en bars voordat die uitskeiding van nektar begin. Xileem- en floeemvaatstrale 
eindig gewoonlik by die basis van die sub-sekretoriese streek. Fenoliese verbindings akkumuleer slegs 
gedurende die na-sekretoriese stadium van die nektarkliere in die sub-sekretoriese streek. As gevolg van die 
vorming en aktiwiteit van 'n fellogeenagtige weefsel word die sekretoriese en sub-sekretoriese streke van die 
nektarklierbasis afgesny. Miere besoek Albizzia en kan moontlik 'n rol in plantweerstand speel. 
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Introduction 
Extrafloral nectaries (EFN) are glands secreting nectar 
which is sugar-enriched and invariably contains amino acids 
(Baker & Baker 1973). It has been recognized that extra-
floral nectaries are not directly associated with pollination 
(Fahn 1979), rather they contribute to the plants' defence by 
attracting ants which may protect their foliage and repro-
ductive parts from various herbivores (Tilman 1978; Keeler 
1980). 
Albizzia is a deciduous tree genus of the Mimosaceae and 
bears nectaries on the adaxial surface of the rachis. The 
ecological role of ants in this case may be of importance as 
it has been suggested that a symbiotic co-evolved relation-
ship exists between certain plants bearing EFN and the ants 
visiting them (Elias & Gelband 1975; Inouye & Taylor 
1979; Pickett & Clarke 1979; Keeler 1980). Extrafloral 
nectaries in Albizzia have been studied earlier from a taxo-
nomic point of view (Bhattacharyya & Maheshwari 1971), 
but their histochemistry and ecological role remained un-
explored. It was therefore decided to study the structure of 
nectaries in Albizzia and the ecological role played by ants 
in the defence of this tree. 
Materials and Methods 
For general histological studies, samples of nectaries were 
collected at Vallabh Vidyanagar in Western India from 
roadside trees of A. lebbeck and immediately fixed in 
formaldehyde-acetic acid- alcohol (F.A.A.). To determine 
lipids and phenolic substances, samples were fixed in 4% 
paraformaldehyde and a ferrous sulphate (FeS04)-formalin 
mixture (Johansen 1940), respectively. Samples fixed in 
F.A.A. and FeSOcformalin were washed in running tap 
water and hardened in 70% tertiary butyl alcohol (TBA) for 
6 - 10 h. Sections in either plane were cut on a sliding 
microtome Reichert (Austria) at a thickness of 15 - 20 J..Lm, 
arranged serially on microscope slides and tied to the slides 
with cotton thread. Routine sections were stained in tolu-
idine blue '0', dehydrated in TBA, cleared in xylene and 
mounted in DPX. Lipids, proteins and starch were studied 
using a saturated solution of Sudan Black 'B' (Sigma) in 
70% isopropanol, 1 % Amido Black 'B' (Sigma) in 7% 
glacial acetic acid and I2KI (Johansen 1940), respectively. 
Maceration was done in a mixture of hydrogen peroxide and 
glacial acetic acid (1:1) at 37 - 40°C. Nectar was analysed 
for the presence of sugar and amino acids using Fehling 
solution and ninhydrin reagents, respectively. 
Results 
The distribution of EFN 
Two nectaries of different sizes are present on the adaxial 
surface of the rachis. The nectary present at the base of the 
rachis is larger than the one at the tip of the rachis (Figures 
lA and IB). The nectaries are flat, non-porate and have 
hairs on their outer surfaces (Figure ID) . Young nectaries 
are green, becoming greyish-green to greyish-brown during 
secretion. 
The ecology of EFN 
The nectaries on the same rachis do not secrete nectar 
simultaneously. The basal nectary enters the secretory phase 
first, while the leaves are expanding; the distal nectary 
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Figure 1 A, B: Leaf showing pOSItIon of nectaries (arrows). Arrowheads indicate winged insects on the rachis, X I, x3. 
C, D: Nectary can be divided into secretory, sub-secretory and vascular zones. Note the main and lateral vascular bundles. Arrowhead 
indicates lifted cuticle while arrow points at a hair (both in D), X65; X92. E: Crystals (arrow) in the sub-secretory zone, X160. 
F: Dead cells (arrowhead) in the functional nectary, X 110. G: Lignified cells in the sub-secretory zone, X 138. H: Accumulation of 
phenolic substances, stained with FeSOcformaline, X 115. I: Necrotic appearance of secretory cells and ruptured epidermis in a post-
secretory nectary, X90. Legend: sz - secretory zone; ssz - sub-secretory zone; vt - vascular trace; vz - vascular zone. 
secretes only once the basal one is in the post-secretory 
phase or undergoing senescence, the time when the foliage 
is mainly mature and the apical growth of the rachis is about 
to cease. Both nectaries secrete only during the early 
morning hours. To ascertain this we removed nectar during 
early morning hours by absorbing the fluid with a coarse 
filter paper. We found no further exudation until the 
following morning. The maximum number of secreting nec-
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taries can be observed when the trees bear flowers. After the 
cessation of apical growth, only a few nectaries are still 
observed secreting. Some of the distal nectaries do not 
secrete at all and ultimately die. The nectar is slightly sticky 
and sweet to the taste. Nectar was tested for amino acids, 
sugar, lipids and phenolics. The tests were positive for all 
except phenolics. 
Black ants are the only regular visitors to the nectaries. 
We observed the behaviour of the ants for about two hours. 
Ants emerge from holes in the ground at the tree base, and 
visit the basal nectary first where they spend 30 - 60 s. They 
then move to the distal nectary, but on finding no nectar 
there (as it is still developing), they continue to another 
rachis without returning to the nectary where they had fed a 
minute earlier. When the basal nectary is non-functional the 
ants go directly to the terminal nectary. Sometimes more 
than one or two ants can be seen feeding from the same 
nectary. The maximum number of visitors can be observed 
during the early morning hours before sunrise. After midday 
the number of ant visitors seems to decrease and only a few 
ants appear on the branches during late afternoon and even-
ing hours. 
Winged insects (Figures 1A and 1B, arrowheads) visit the 
rachis and lay their eggs mainly on its adaxial side. Possibly 
due to some toxic effect by the egg deposition, the adaxial 
side of the rachis turns black and appears necrotic (authors' 
personal observation). Ants also visit the eggs. However, the 
infestations due to egg deposition of this insect (which we 
were unable to identify) are severe, despite large numbers of 
ants being present on the trees. Occasionally ants visit the 
flowers. During the period of massive flowering some ants 
were trapped and killed in formalin vapour, but they did not 
show the presence of pollen grains attached to either their 
legs or other body parts. 
The ontogeny and structure of EFN 
The nectaries develop from a row of hypodermal initials and 
can be divided into three zones, namely secretory, sub-
secretory and vascular zones (Figures Ie and 1D). The 
secretory zone is made up of thin-walled cells with dense 
cytoplasm (Figure 1D). This zone is covered by a single-
layered highly cuticularized epidermis (Figure IE) with 
hairs (Figure 1D), but no stomata. However, the cuticle on 
the nectary proper is comparatively thicker than that of the 
rachis. Below the secretory zone is the sub-secretory zone 
which consists of thin-walled parenchyma cells, 6 - 8 cells 
thick. This tissue has less dense cytoplasm and may contain 
starch, crystals of calcium oxalate (Figure IE, at arrow) and 
sometimes lipids. In the sub-secretory zone some lignified 
elements are present (Figures IE and 1G) and the non-ligni-
fied cells contain prominent nuclei. The vascular zone is 
composed of xylem and phloem which are in direct connec-
tion with the main bundle of the rachis (Figure Ie). The 
vascular elements are not supplying the secretory cells 
directly, but terminate at the base of the sub-secretory zone 
(Figures Ie, 1D and IF). However, in some preparations the 
phloem seems to approach the basal part of the sub-secret-
ory zone closer than the xylem. No phenolic compounds 
were detected in the developing nectaries. However, the 
sub-secretory zone is full of phenolic compounds at the 
post-secretory or senescent stage (Figures 1H and II). 
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Before the nectary releases its secretion, the overlying 
cuticle layer is lifted (Figure ID, arrowhead). During 
nectary maturation the cells in the secretory zone appear 
loosely attached to each other, probably due to the 
dissolution of the middle lamella. Due to the pressure 
excerted on the raised cuticle by the increasing amount of 
nectar, the cuticle ruptures and the nectar is released. 
In functional nectaries some dead cells, apparent by the 
absence of cytoplasm, are present at the two notches (Figure 
IF, arrowhead). When the nectary does not secrete any 
longer, a layer of thin-walled rectangular cells resembling 
phellogen develops at the base of the sub-secretory zone. 
Due to the activity of this tissue the dead nectary part is cut 
off from the vascular zone, leaving a scar on the rachis. 
Discussion 
The extrafloral nectaries in Albizzia may be considered as a 
primitive type on the basis of the theory proposed by Frey-
Wyssling (1955) concerning the evolution of foliar nec-
taries. 
Nectar production in Albizzia occurs only during morning 
hours. This finding does not correspond with those of Elias 
(1972) and Janzen (1966) who reported the production of 
nectar during morning and evening hours in Pithecellobium, 
lnga and Acacia cornigera, respectively. 
The greatest activity of the nectary was observed when 
the trees bore expanding leaves, flowers and developing 
fruits. Nectary secretion declined with decline in the number 
of developing leaves, fruits and flowers. Hardly any nectary 
was observed in trees with mature foliage and fruit, but no 
flowers. These findings are in agreement with those of Elias 
(1972) and support the co-existence theory of ant-tree 
mutualism and the protection of developing parts of the 
plant from herbivores by ant visitors. 
The cuticle layer is lifted from the epidermal cells before 
nectar production. Marginson et al. (1985), working on 
Acacia terminalis (Salisb.) Mac Bride, observed lifting of 
the cuticle while the cells were actively secreting and 
ascribed the phenomenon to outward pressure by the secre-
tion. However, the secretion is found to accumulate in the 
cavity formed in advance by the lifting of the cuticle, 
ultimately to be released by the rapturing of the cuticle 
layer. 
In contrast with the observation made by Bhattacharyya 
and Maheshwari (1971), the extrafloral nectaries in Albizzia 
develop from a group of initials, and the speculation of 
Lersten and Brubaker (1987) regarding the EFN ontogeny in 
this plant is thus confirmed. 
Bhattacharyya & Maheshwari (1971) divided Mimosoi-
deae extrafloral nectaries into three zones, viz. secretory, 
thick-walled and vascular zones. In the present study, how-
ever, we found no support for the existence of thick-walled 
cells as the cells below the secretory zone appear thin-
walled and have comparatively less dense cytoplasm, and 
should in our opinion be considered parenchymatous cells. 
Secretory cells are supplied by vascular elements via sub-
secretory cells, and it seems essential that cells engaged in 
the transfer of solutes maintain their parenchymatous nature. 
Bhattacharyya & Maheshwari (1971) reported the absence 
of calcium oxalate crystals in Albizzia amara Boivin. In the 
present study, crystals of calcium oxalate were recognized in 
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the developing nectaries, but no crystals were present while 
the nectaries were either secreting or senescent Generally, 
crystals have been regarded as a resultant waste product of a 
detoxication mechanism (Stewart 1960). However, the pres-
ence of crystals in developing nectaries and their subsequent 
disappearance from secretory and post-secretory nectaries 
raises doubt regarding the detoxication mechanism of crystal 
development It has also been reported by Deveries, 
Tschirch, Schimper and others (in Haberlandt 1965, Fran-
ceschi 1989) that calcium oxalate deposits are redissolved 
and taken up into the metabolic cycle again. Venugopal and 
Krishnamurthy (1987), working on seasonal production of 
phloem in tropical trees, observed the accumulation of 
crystals during cambial dormancy and their subsequent 
disappearance from phloem cells during the active growth 
period. The reversible nature of calcium oxalate crystals has 
been well-established (Franceschi 1989; Li & Franceschi 
1990). Thus, in the light of our observations, we speculate 
that crystals of calcium oxalate that appear in developing 
nectaries of Albizzia are not a waste product, but that they 
may rather be a requisite for secretory cell metabolism and 
may play some role in secretion by enhancing cell permea-
bility. However, to reach any conclusion in this regard, 
detailed histological and histochemical studies regarding 
calcium at various stages of nectary development will 
obviously be needed. 
Finally, it is concluded that the extrafloral nectaries in 
Albizzia are short-lived specialized structures. They play no 
role in pollination and may in part contribute indirectly to 
the defence of the trees by attracting ants. 
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